Trudeau, F.; Shephard, R.J.; Arsenault, F.; and Laurencelle, L. (2003). Tracking of physical fitness from childhood to adulthood. Can. J. Appl. Physiol. 28(2): 257-271. © 2003 Canadian Society for Exercise Physiology.
nificant but low in females (r = 0.24) as well as in males (r = 0.34). The ability of childhood blood pressure to predict adult values was low in females
. Par contre, chez les hommes, la stabilité de la force de préhension n'était significative que pour l'intervalle 12-35 ans (r = 0.32, p < 0.05 
Introduction
Many studies have examined the longitudinal tracking of physical fitness measures (Malina, 1996) . In general these investigations have tested the hypothesis that being fit in childhood or adolescence increases the likelihood of remaining fit in adulthood. Fitness was tracked during childhood (Pate et al., 1999) , from childhood to adolescence (Janz et al., 2000; Sprynarova and Parizkova, 1977) , during adolescence (Maia et al., 2001) , or from late childhood or adolescence to adulthood (Andersen and Haraldsdottir, 1993; Beunen et al., 1992; 2001; Campbell et al., 2001; Glenmark, 1994; Kemper et al., 2001b; Lefebvre et al., 2000; Twisk et al., 2000) . There is at present not much information on the tracking of fitness from childhood to adulthood. This is a major gap in knowledge since it is widely held that physical activity habits are formed at a very early age (Godin and Shephard, 1990) . Furthermore, there is as yet no information on how childhood physical education influences the tracking processes.
Therefore, the purpose of the present study was to examine the tracking of selected measures of physical fitness: muscular strength (peak handgrip force), muscular endurance (sit-ups), aerobic fitness (PWC 170 ), and blood pressure from childhood to adulthood using data from the Trois-Rivières longitudinal study of growth and development (Shephard, 1985) .
Methods

SUBJECTS AND EXPERIMENTAL DESIGN
The protocol was approved by the institutional ethics committee of the Université du Québec à Trois-Rivières. All subjects signed an informed consent form before participating. Data were obtained on a subgroup of the original Trois-Rivières (TR) sample, 95 women (57 experimental and 38 control subjects) and 96 men (56 experimental and 40 control subjects). During their 6 years of primary-school education, the experimental group had received 5 hours of physical education each week whereas the control group had received only the typical Provincial program of a single 40-minute period per week. The analysis was based on data gathered during the period 1970-77 (Shephard, 1985) and again during a recall period in 1996-98 (Trudeau et al., 1999) . All subjects involved in the physical fitness follow-up were potentially contacted except those living outside the Province of Québec; 191 subjects selected randomly from this list were telephoned between March and May 1998. The sample represents 35% of the original groups and the sociodemographic characteristics of those recruited closely match those of nonparticipants (Trudeau et al., 2000) .
MEASUREMENTS
Body mass and height were determined using a standard clinical scale and stadiometer (respectively Detecto-Medic, Brooklyn, NY; and Takei, Tokyo). Systolic and diastolic (Phase V) blood pressures were measured by clinical sphygmomanometer (Tycos, Allyn-Welch, Arden, NC). Physical work capacity (PWC 170 / kg), and the summated grip force of left and right hands (Newton) (respectively using a Monark 814E ergometer and a Preston-Smedley grip dynamometer, Jackson, MI) were measured according to the Eurofit fitness protocol (Conseil de l'Europe, 1995) . Baseline measurement for sit-ups was conducted according to the CAHPER test battery, i.e., maximum number of bent-leg sit-ups in 1 minute. For safety reasons the abdominal endurance at follow-up was measured as the maximum number of sit-ups performed according to the curl-up feet-free protocol of the Canadian Home Fitness Test (Faulkner et al., 1989) .
STATISTICAL ANALYSIS
The inter-age tracking of physical fitness data was assessed by calculating Pearson correlation coefficients between ages 10, 11, 12, and 35 yrs, with the exception of PWC 170 /kg for which the sample of 12-yr-olds was too small. The Pearson coefficients were used primarily as descriptive indices sensitive enough to reflect track-ing, although their robustness and good performance in the face of some skewing and/or kurtosis in the data also warrants their use in hypothesis testing (Kendall and Stuart, 1979) . Group comparisons over time involved a two-way ANOVA with repeated measures, and the magnitude of changes with time was studied using a one-way ANOVA. When p values were < 0.05, a post-hoc Scheffé test was applied to localize significant differences. Tracking at the extremes (lower and upper quintiles) was measured using Fisher's exact probability test for small samples (Siegel and Castellan, 1988) . All statistical analyses were performed using the 6.06 SAS statistical software (SAS Institute, Cary, NC).
Results
ABSOLUTE VALUES
Peak Handgrip Force. Peak handgrip force showed the expected increases from 10 to 35 years of age in males, but in females the increase from 10 to 12 years was reversed from 12 to 35 years (Table 1) . However, when data were expressed per kg of body mass, handgrip force increased slightly from 10 to 12 years but decreased from 12 to 35 years of age in both sexes.
Sit-ups. In females the number of sit-ups did not change significantly with age (Table 1) . However, in males the number of sit-ups was statistically greater at 35 years of age than during childhood (p < 0.05).
PWC 170 /kg. In both sexes the PWC 170 /kg remained stable from 10 to 11 years but decreased between 11 and 35 years of age (Table 1) . As anticipated, the PWC 170 /kg was significantly higher in males than in females at all ages.
Diastolic Blood Pressure. In males, diastolic blood pressure increased significantly between 12 and 35 years of age (+11.1 mm Hg, p < 0.001). Females showed a similar but nonsignificant trend (+4.3 mm Hg) from 12 to 35 years of age (Table 1) .
Systolic Blood Pressure. In both sexes the systolic pressure tended to increase (respective changes of +7.5 and +3.3 mm Hg) from 10 to 12 years of age (Table 1) . Between 12 and 35 years of age there was a nonsignificant trend to a larger increase in males (+16 mm Hg) than in females (+8.1 mm Hg).
TRACKING OF PHYSICAL FITNESS
Peak Handgrip Force. During childhood the tracking of peak handgrip force was very high (r > 0.84 for all, p < 0.001) ( Table 2 ). In female subjects the tracking of peak handgrip force was similar for absolute and for relative values; the latter, expressed per kg of body mass, increased from (0.54 to 0.69 and 0.67, all p < 0.001) for the intervals 10-35, 11-35, and 12-35 years (Table 3) . In males, tracking was greater for absolute than for relative values; however, the latter increased to become significant for the correlation 12-35 years of age.
Sit-ups. In males during childhood the tracking of sit-ups showed a decrease from the interval 10-11 years (r = 0.82) to the intervals 10 vs. 12 and 11 vs. 12 years of age (r = 0.60 and 0.40), while in females the tracking remained very high (r > 0.82) during childhood (Table 2 ). In females the tracking to adulthood 114.6 ± 8.2
was closer for the interval 12-35 years of age than for the intervals 10 and 11 to 35 years of age (r = 0.38 vs. r = 0.29 and r = 0.27, respectively), although all three correlation coefficients were statistically significant (p < 0.05). The tracking of sit-ups increased more in males than in the females; over the intervals 10-35, 11-35, and 12-35 years of age, r values increased progressively from 0.23 (ns), to 0.38 and 0.54 (both p < 0.05). PWC 170 /kg. During childhood the tracking was low for both males and females (r = 0.60 and 0.56). Between childhood and adulthood, tracking was low but was generally statistically significant in both sexes (Table 2) .
Diastolic Pressure. In both sexes diastolic blood pressure tracked poorly during the age span of 10, 11, and 12 years, but tracking was nevertheless significant between ages 10 and 11 years in girls (Table 2) . Between childhood and adulthood, diastolic blood pressure did not track significantly in either males or females (Table 4) .
Systolic Pressure. During childhood the tracking of systolic blood pressure was similar to that of diastolic blood pressure (Table 2) . Systolic pressures did not track significantly in male subjects, but in females there were significant correlations for the intervals 11-35 and 12-35 years of age (r = 0.27 and 0.26, respectively; p < 0.05) ( Table 4) . Tracking in the lower and upper tertiles between 12 and 35 years of age was examined for each selected physical fitness variable (Figure 1 ). The only significant difference between men and women was for systolic pressure; more women remained in the lower tertile (58% of women vs. 33% of men, p < 0.05).
INFLUENCE OF ADDITIONAL PHYSICAL EDUCATION IN CHILDHOOD
Tracking of peak handgrip force and PWC 170 /kg was more consistent for control subjects than for experimental subjects in both sexes (Table 3) . However, such a difference was not consistently found for sit-ups. Control females had higher tracking for correlations at 10-35 and 11-35 years of age, but no difference was observed for 12-35 years of age. In males it was the contrary, i.e., tracking was lower for correlations at 10-35 and 11-35 years but higher for correlations at 12-35 years of age (Table 3) . For peak handgrip force this difference was particularly marked when force was corrected for body mass. For example, the correlation coefficients for absolute peak handgrip force at 12-35 years of age were 0.68 for control and 0.63 for experimental females, as compared to 0.86 and 0.50, respectively, when peak handgrip force was corrected for body mass (Table 3) .
Discussion
OVERALL TRACKING OF DATA When measurement of a variable is repeated after several years and the data show a test-retest correlation greater than 0.50, it is generally regarded as stable (Bloom, 1964) . No previous authors have examined correlations of fitness variables between childhood and young to middle adulthood with intervals ranging from 23 to 25 years. Previous results commonly indicated that as the age interval exceeded a few years the correlations became lower (Malina, 1996) . Our data suggest that the stage of child development is an important variable, with correlations to adult life generally greater at 12 than at 10 years of age. Despite a very modest decrease in age interval, the increase in magnitude of the correlation coefficient was quite important for some variables. For example, in male subjects the r values for situps increased, respectively, from 0.23 (ns) and 0.38 to 0.54 (both p < 0.001) for 10, 11, 12 years and 35 years of age.
Another factor that could potentially increase tracking between 10 and 12 years of age would be a greater test/retest reliability of the fitness variables in older children. However, other studies have shown high reliability coefficients (r 0.9) for peak handgrip force (Glenmark, 1994; Richardson, 1995) , PWC 170 (deVries and Klafs, 1965) , and sit-ups (Glenmark, 1994; Stirrer, 1995) . Even after correcting for attenuation of coefficients, using a value of r = 0.9 as a test/retest coefficient, the increase in tracking would be very modest; for example, the tracking of PWC 170 /kg in female subjects (r = 0.24) would increase only to r = 0.27.
Peak Handgrip Force. Our results indicate that the tracking of absolute grip strength from 12 to 35 years of age was high in females but lower in males. A similar range of correlation coefficients (r = 0.34 to 0.68) was found in young subjects over a shorter time interval, from 7 to 17 years (Baldwin, 1921; Campbell et al., 2001; Clarke, 1971; Fortier et al., 2001; Janz et al., 2000; Jones, 1949; Szopa, 1991) . In the study that measured the age span closest to our data, Glenmark (1994) observed inter-age correlations coefficient that were similar for females but higher for males (r = 0.66 for females and 0.72 males) between 16 and 27 years of age. The higher correlation coefficient for males probably reflects both a shorter interval of follow-up (11 vs. 23 yrs) and the use of postpubertal data. Glenmark did not adjust handgrip force for body mass, but the main basis of the difference of tracking is likely the muscular growth spurt during male adolescence (Malina and Bouchard, 1991) . Equally, the similar extent of tracking in females of both groups reflects the lack of any substantial growth of muscle mass between 12 and 18 years of age in females. Later in life, muscle strength become more stable in males and remains as such in females.
Over a 27-year interval (45-68 yrs to 71-96 yrs), a correlation coefficient of r = 0.56 was observed for handgrip strength (Rantanen et al., 1998) . People with a greater handgrip strength at midlife remained the stronger individuals at a later age, also showing higher levels of function for daily activities such as dressing, bathing, eating, or toilet care (Rantanen et al., 1999) . The high inter-age correlation coefficients generally reported for handgrip force may reflect frequent use of the hand in daily activities even in old age. However, the results of Rantanen et al. (1994) also suggest that handgrip force is well correlated with the strength of other major muscle groups. Furthermore, other indices of muscle strength (i.e., a twohand lift) and muscle power (i.e., a Sargent jump test) tracked as well as handgrip force between adolescence and adulthood (Glenmark 1994) . Indeed, skeletal muscle strength remains a highly adaptable physical quality at any age (Fiatarone et al., 1994) .
Overall, we can conclude that during the period studied in our subjects, absolute grip force was stable for both female (r = 0.63) and male subjects (r = 0.61), although when adjusted for body mass only the female data remained stable (r = 0.67 vs. 0.32). The lesser stability of adjusted data for males can probably be attributed to pubertal maturation, particularly the impact of increased testosterone secretion on muscle mass (Malina and Bouchard, 1991) . In girls the gain in muscle strength is more linear and not subjected to such strong hormonal influences.
Sit-ups. Sit-ups are generally considered a measure of abdominal muscle endurance. The tracking of sit-ups has received less attention than other measures of muscular fitness. Ellis et al. (1975) found an r of 0.40 in males between 10 and 16 years of age, similar to a 3-yr tracking between 9 and 12 years (Marshall et al., 1998) . We found slightly lower tracking between 12 and 35 years of age, i.e., an r of 0.27 for females and 0.38 for males (both p < 0.05). As for other variables, the tracking coefficient decreases as the inter-age interval increases (Fortier et al., 2001; Malina, 1996 Malina, , 2001 . However, more research is needed on both the tracking of sit-ups and the impact of well-conserved performance on the risks of back problems.
For safety reasons we had to substitute a different sit-up procedure for our follow-up examination, a curl-up with free feet. The original test was a bent-leg sit-up, which is characterized by a higher intervertebral compression than the curlup feet-free sit-up (Axler and McGill, 1997) . Nevertheless, the curl-up protocol is considered to generate a high muscle challenge vs. intervertebral compression ratio as does the bent-leg sit-up (Axler and McGill, 1997) . The latter test generates more electromyographic activity from the psoas muscle, but both procedures mainly and similarly challenge the rectus abdominis muscle (McGill, 1998) . This probably explains why we found significant tracking despite the change in our procedures.
PWC 170 /kg. We found low but significant inter-age (11 to 35 years) correlation coefficients for both males (r = 0.34) and females (r = 0.24), both p < 0.05. Our correlations are close to the r values found by Szopa (1991) between ages 7 and 14 years (r = 0.24 for males and 0.21 for females). Twisk et al. (1985) also tested correlation coefficients between the directly measured V . O 2 max at 13 and 27 years, finding tracking values of 0.30 for males and 0.36 for females. In men only, a similar V . O 2 max inter-age correlation of 0.30 was measured by Sprynarova and Parizkova (1977) for the interval from 11 to 18 years of age. Over a 5-year period (ages 10 to 15 years), Janz et al. (2000) showed V . O 2 max correlations of 0.44 for boys and 0.39 for girls. Other researchers have observed slightly higher V . O 2 max inter-age correlations, for both shorter (8 yrs: Andersen and Haraldsdottir, 1993; Kemper et al., 1990) and longer intervals (12 yrs: Glenmark, 1994; 13 yrs: Kemper et al., 1990; 20 yrs: Kemper et al., 2001b) . For a 12-yr interval, data from the Québec Family Study indicated low and moderate tracking (r = 0.24 and 0.46, p < 0.05) for males and females (Campbell et al., 2001) . The probability that an unfit child will remain unfit seems low, but nevertheless significant. About half of our subjects who were unfit as children remained unfit as adults.
Blood Pressures. We did not make any measurements of blood pressure over the 23-yr interval between 12 and 35 years. However, from other studies (Beckett et al., 1992) we can suggest that much of the increase in diastolic and systolic pressures we observed over the 23-yr interval developed during adolescence. The ability of childhood values to predict adult readings was low in women (r = 0.24 for diastolic and 0.15 for systolic, both ns). Beckett et al. (1992) also reported very low levels of tracking for this duration (r = 0.24 for systolic pressure and r = 0.20 for diastolic pressure, ns over 20 years). Over shorter intervals some researchers have found similar tracking of diastolic pressure (e.g., r = 0.18 over 6 years in the Muscatine study, Clarke et al., 1978;  and r = 0.12 to 0.22 over 22 years, Lambrechtsen et al., 1999) . Twisk et al. (1997) found a coefficient of r = 0.34 over 14 years from adolescence, but in general the magnitude of tracking decreases as the interval between the baseline measurement and the second observation increases. Our data also suggest that the tracking of systolic pressure may be greater than for diastolic pressure. Other studies have presented similar findings (Beckett et al., 1992; Clarke et al., 1978; Lambrechtsen et al., 1999) . One factor that may contribute to the low correlations may be the difficulty in obtaining reliable measurements of blood pressure in children (Twisk et al., 1985) .
INFLUENCE OF ADDED PHYSICAL EDUCATION
The only physical fitness measurements in which tracking differed between experimental and control subjects were aerobic fitness and grip strength. Experimental subjects of both sexes showed weaker tracking of PWC 170 /kg and grip strength than control subjects. This probably reflects the greater aerobic physical activity and fitness of the experimental subjects when they were attending primary school. Unfortunately, when they left primary school and the special physical education programme, many of them lost this advantage of fitness.
CONCLUSIONS
Measurement from the Trois-Rivières longitudinal study show a limited tracking of PWC 170 /kg, sit-ups, and particularly blood pressure from childhood to midadult life. In contrast, the tracking of peak handgrip force per kg of body mass was high in female subjects. It is suggested that components of physical fitness that are continually used, such as handgrip, may be more stable than those that depend on deliberate physical activity, such as cardiorespiratory fitness and abdominal endurance. Lifetime intervention programmes should target fitness components that have poor tracking. It has been shown that daily physical activity between 13 and 27 years of age resulted in a higher cardiorespiratory fitness at 27 years (Kemper et al., 2001a) . The tracking of grip force from boyhood seems limited by the maturational processes seen in male adolescence. Finally, blood pressure as measured during childhood is not a good predictor of adult values.
